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ABSTRACT

The method described in FRL-TN-85 (1) for the deter-
mination of the boron content of organcborane compounds has
been adapted to the estimation of the percentage of boron
in boron-glazed Eimite igniter composition. About 6 hours
of elapsed time are required, of which 5 are working time,
for the performance of a duplicate pair of runs. The average
agreement betwsen duplicate runs is 0,04% of the sample.
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CONCLUSIONS

1. A method has been developed for determining the percentage
of boron in boron-glazed Eimite igniter composition.. (2). It is
a modification of the method described in FRL-TN-85 (1),

‘2+ Approximately 6 hours are required of which 5 are working
time, for the performance of a duplicate pair of runs. The average
agreement between duplicate runs is 0.04% of the sample,

RECOMMENDATIORS

1. The method described in this report should be adopted
for the determination of thé percentage of boron in boron-glazed
Eimite igniter Compositions.

INTRODUCTION

The application of a glaze of boron has been foiund to impart
improved properties to Eimite Igniter Composition. This composition
is described in Purchase Specification AE 1-54 (2) which requires
that the glaze constitute 2 £ 1% of the weight of the total material,
and that the resultant glagzed finish be evident on visual inspection.
Needless to say, a convenient method for quantitative measurement of
the percentage of boron represented by the glaze is much to be pre-
ferred over a purely qualitative observation.

It is desirable that any method, particularly one to be included
in a specification, be reasrnably rapid and reproducible, easily
performed, and not require h. hly specialized equipment.




A recently-reported method for determining the boron content
of organo-borane compounds (1) appeared to satisfy these general
requirements for a specification method and to be of very broad
scope. Only a modification of the details of this method was
necessary to adapt it to the estimation of the boron content of
the glazed Eimite composition for which it has been found well-
suited. The steps in the modification process and the final
modified procedure are described in this report.

RESULTS AND DISCUSSION

The several steps in the adaptation of the method of
FRL-TN-85 to the analysis of boron-glazed Eimite should be apparent
on inspection of Table I. As successive samples were received
progressive changes were made until a modified procedure had been
evolved utilizing the same principles but especially suited to the
analysis of this composition.

The often sensitive nature of the organoborane preparations
to be analyzed by the method of FRL-TN-85, and the frequently
small quantities synthesized, limited the specimens to be analyzed
by that method to 0.02 grams. Since the boron-glazed Eimite ex-
hibits no such tendency to explosive decomposition, and since the
quantity of sample submitted is generally large, it 1s-possible
to increase the weight of specimen from 0.02 to 1 gram, with a
resulting increase in titration from about O.4 to 7 ml. of barium
hydroxide. Such a change is obviously in the interest of increased
"signal-to-noise ratio".

The tendency for the apparent boron content to decrease as
the specimen weight increases indicates that there is a definite
factor of error operating which becomes relatively small and may
be neglected if the specimen taken is at least 0.3 gram.

The lower sensitivity also makes possible the elimination
of one of the more tedious steps of the FRL-TN-85 procedure -
the addition of the digestion acids, milliliter by milliter, to
allow time for reaction between each increment, Instead the acids
are pre-mixed and the total amount required is added in a single
portion. Unfortunately, the potassium dichromate used to signal
completion of digestion cannot be incorporated into the acid mix-
ture because of its insolubility; and therefore, must still be
added separately.
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Mention has been made of the increased digestion temperature,
indicated in Table I by the rate of reflux. In FRL-TN-85 the
temperature was limited to the low level corresponding to a drop
of reflux every 5 minutes. For the analysis of boron-coated Eimite
it was found possible to increass the temperature to the maximum
attainable on a Lindberg hot plate (4 seconds per drop), without
any tendency to decompose violently. To avold both loss of boron
and discharge of perchloric acid vapor, the digestion flask is pro-
tected by an air-condenser. Pre-heating on the steam bath was tested
in the case of Sample 30 but judged to be of no advantage and was not
included in the final procedure. The treatment finally adopted con-
sists of 30 minutes of heating on this hot plate with a 1/8-inch
thickness of asbestos board under the flask (15 seconds per drop)
followed by heating directly., on the hot plate (4 seconds per drop)
until completion of the process is indicated by a change of color
from green to the orange characteristic of dichromate. The latter
phase required 10-20 minutes. Although the weight of sample taken
is much greater than that used in FRL-TN-85 (1 g. vs 0.02.8) the
increased temperature results in a decrease of digestion time from
142 hours to less than an houry.-

To estimate the precision of the procedure finally evolved,
6 replicate determinations were performed on one of the samples
(No. 30), with results shown in Table II. The barium hydroxide-
solution was standardized for each replicate determination. The
agreement is very satisfactory, with an average difference between
runs of 0.04% boron. Applicat.ion of a Studentized Range Table (3)
shows a 958 probability that duplicate runs will agree within 0.12.
In routine analytical practice, agreement would be expected to be
even better, since a comon standardization would ordinarily be
performed for each series of runs, eliminating the standardization
component of the error. Since the objective of the manufacturing
process is to apply a coating of boron equal to 2 £ 1% of the weight
of the base grain, and since the boron used is known to be of sbout
80% purity, the average percentage of boron found is almost exactly
what should be expected. About six hours of elapsed time, five of
which are working time, are required for the performance of a
duplicate pair of runs of a single sample, An economy of working
time would result if several samples were analyzed simultaneously.



EXPERIMENTAL PROCEDURE
Special Apparatust

pH meter equipped with glass-calomel electrode system, and
calibrated with pH7 btuffer,

Buret, 10 ml., graduated at 0.05 ml. intervals.
Hot 1’&}1“0, 11 Watts/sq. inch, Lindberg Type H-2 or equivalent.

Special Materialss

Barium hydroxide solution, prepared by steeping 3 grams of ’
barium hydroxide octahydrate in a liter of water at least overnight,
then filtering through a Whatman No. 12 or equivalent folded paper.

Boric acid, standard solution containing 0.17 mg. of boron
per ml., prepared by dissolving an accurately weighed 0.5 gram
portion of boric acid in 500 ml. of water.

Hydrochloric acid, IN solution.

Mixed acid, prepared by stirring 33 ml. of 71% perchloric
acid into 12 ml. of water, and into this, stirring 55 ml. of 96%
sulfuric acid. This mixture must be permitted to cool before use.

Potassium dichromate, 2% solution.
Sodium hydroxide, A solution; freshly prepared.

Determination:

Accurately weigh a l-gram specimen into a 250-ml. erlenmeyer
flask with standard-taper joint and insert an air-condenser. Through
the condenser add 1 ml. of potassium dichromate solution and,

10 ml. of mixed acid. Make similar additions to a sample-free blank)
flask (Note 1). Heat for a half-hour at a reflux rate of 3-4 drops
per minute (Note 2), then increase the temperature to a rate of 10-15
drops per minute and hold at this temperature until the color of the
contents changes from green to orange. Remove the flasks and let
them cool to room temperature. Wash the condenser walls and base
with water and transfer the contents of the flask to a 25Q.ml,
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volumetric flask., Add water to bring the volume to the mark and
shake to mix.

Transfer a 25-ml. aliquot from the volumetric flask to a
150-ml. erlenmeyer flask with a standard-taper joint. From a
10-ml. Mohr pipet, add 8 ml. of freshly-prepared 2N sodium hydroxide
solution, a strip of litmus paper (Note 3), and more sodium hydroxide
solution dropwise until the paper just turns blue. Wash the flask
mouth and walls with water. Add 1N hydrochloric acid a drop-at a
time until the color of the litmus paper just reverts to red, and-
then one drop more. Attach the flask to a water-cooled condenser,
reflux for 15 minutes, then remove the flask and place it in a
cold-water bath (Note 4).

When cool, wash the contents of the flask into a 150-ml.
beaker and insert the electrodes of the pH meter (Note 5). From
the 10-ml. buret add barium hydroxide solution (the volume need
not be recorded) in increments of about 1 ml. to pH 4; 0.5 ml.
between pH 4 and pH 5, 0.25 ml. between pH 5 and pH 6, and 0.1 ml.
between pH 6 and pH 6.7. When the pH exceeds 6.7, add only a drop
at a time, allowing 30 seconds between drops, until the pH is
adjusted to 7.2. Add 5 grams of mannitol and measure the volume of
barium hydroxide solution required to restore the pH to 7.2, adding
the solution in progressively smaller increments in the manner
already described. Standardize the barium hydroxide solution not
earlier than the day before nor later than the day after that on
which the titration was performed.

To standardize the barium hydroxide solution pipet 25 ml. of
"blank" solution and 10 ml. of standard boric acid solution into
a 150-ml. erlenmeyer flask with standard-taper joint. Adjust the
acidity, reflux, and titrate in the manner described in the previous
paragraphs. Calculate the strength of the solution as followst



———— e

S = Strength of barium hydroxide solution, mg. of boron per ml.

Where:

V., = Volume of barium hydroxide solution required to titrate
the aliquot of boric acid, ml,

W= Weight of boric acid in the aliquot of boric acid
solution, mg.

Calculate the boron content of the sample as follows:

100V S
Bofonf =~

W,

Where:

- 8 = Strength of barium hydroxide solution, mg. of boron per
ml., (see previous paragraph).

V2 = Volume of barium hydroxide solution required to titrate
the aliquot of sample solution, ml.

Wo = Weight of sample represented by the aliquot taken, mg.

Notes:
1. It is not necessary to include a blank with each run of
samples. Blank solution from a recent (within a few weeks) run may

be used provided that the quantity on hand is sufficient to standardize
the barium hydroxide solution.



2, These temperatures may be attained on a Lindberg Type H-2
electric hotplate, first with and then without a thickness of 1/8"
asbestos board,

3. If the paper should assume the blue shade, wash down the
flask and reacidify with 1IN hydrochloric acid solution as deascribed
subsequently. In later runs decrease the volume of A sodium hydroxide
solution added at this point.

4s A vessel containing dry ice in contact with water makes a
satisfactory bath.

5. The use of a magnetic stirrer will facilitate subsequent
operations. In the event that such a stirrer is used the housing of
the motor and the shielding of the pH meter should both be connected
to ground.



REFERENCES

1. R.M. Abbott, N.M, Liszt, and M. Roth, "Estimation of
the Boron Content of Organo-Decaborane Compounds”. Technical
Note FRL-TN-85, Picatinny Arsenal, Dover, New Jersey,
September 1961.

2. Purchase Specification AE 1-54 (Rev. 1), Picatinny
Arsenal, Dover, New Jersey, 16 August 1960.

3. C.A. Bennett and N.L. Franklin, "Statistical Analysis
in Chemistry and the Chemical Industry®. John Wiley & Sons,
Incorporated, New York, 1954, Table 5.8.



*ST88RQ POATEOI-EE UBR U0 PajeTnoTse)

0t

99°1 6°9 6°0 *o08 ST ou “
9L 1 0°'2 z°0 *208 ST ou "
9°1 L9 9°0 *oe8 ST *utw Of “
— __MT LT T0_ __ oesST WWOE | _w
6s°1 6°1 z°0> *o0s ¥ ou “
one 0°'1 A4 *o98 ¥ ou u
$9°1 6°1 o1~ sumw § ou u
00°2 8°0 0° T~ U § ou __ pexymead
— T T o T 1T T umg ou "
€9°2 9°0 $°1 ‘utw ¢ ou “
9€°€ 10 $°T kil ou u
L€ 70 0°2 *utw ¢ ou A1oyeaedes
T vy T sanoy doap y8eyead pepph
‘uotog  %(m)eE  “POTIog Jod ewyp  Yjeq Weesg sPIOY
) . xniyey .

TITPUC) SNOTIe

A J9DpU[ POUTIIe3e( 931U 4 PeZS(D U} UOIOg JO §83€jueddeg

I IV

i

v
°T
€°0 (2961)
T ot
€°0
— o —_— e —
T°0 (2961)
£°0 Sot-%-1Id
H.
$0°0
$0°0 (0961)
c0°0 SET
20°0
*3¢qydted
oTdweg *oN eTdweg




<T’o
7%€0°0

oo
29°1

91
$9°1T
95°T
29°1
09°1

139

IPUTT ¥56 ‘o3uex equotrdng
co.maaﬁb«.v pIepURIg
wopessy Jo seaxdeq

90ueIeJJTP Jyed oBeaeay

odeioay
9 ury

¢ uny
4 uny
€ uny
z wy

T uny
T{PeATe0T v8) § "WOI0g

USSIREIDY = wiofasly e S



Commanding General

U. S. Army Materiel Command

ATTN: AMCRD-RS - Mr. J. Crellin
AMCRD-RS - Mr. J. Chalmers

Washington 25, D. C.

Commanding General
U. S. Army Munitions Command
ATTN: AMSMU-WP
AMSMU-AP
Dover, New Jersey

Commanding General

U. S. Army Missile Command

ATTN: AMSMI-RKX - Dr. D. Sayles
AMSMi-RKX - Mr. F. James
Technical Library

Redstone Arsenal, Alabama

Commanding Officer

U. S. Army Ammunition Procurement &

Supply Agency
ATIN: SMUAP-AREL
Joliet, Illinois

Commanding Officer

U. S. Army Ballistics Research Laboratories

ATTN: AMXBR-BRL-1
Aberdeen, Maryland

Commanding Officer
Frankford Arsenal

ATTN: AMUFA-Propellants & Explosives

Section, 1331
Philadelphia 37, Pennsylvania

Commanding Officer
U. S. Army Munitions Command
Picatirny Arsenal

ATTN: Techrical Information Section

Dover, New Jersey

5-6
8-10

11

12-13

14

15-24



Commanding General

White Sands Missile Range
ATIN: Technical Library
New Mexico

Commanding Officer
Harry Diamond Laboratories
ATTN: Technical Reference Section

Connecticut Ave. & VanNess St., N. W.

Washington 25, D. C.

Commanding Officer
Army Research Office
Duke Station

Durham, North Carolina

Army Research Office (CRD-F)
Arlington Hall Section
Arlington, Virginia

Bureau of Naval Weapons
ATTN: RMMPr2

RMMP-331
Department of the Navy
Washington 25, D. C.

Commander

U. S. Naval Air Missile Test Center
ATIN: Technical Library

Point Mugu, California

Commanding Officer

U. S. Naval Propellant Plant

ATTIN: Research & Development Dept.
Indian Head, Maryland

Commander

U. S. Naval Weapons Laboratory
ATIN: Technical Library
Dahlgren, Virginia

Commnander

U. S. Naval Ordnance Laboratory
ATIN: Library

White Oak

Silver Spring, Maryland

25-27

28

29

30

31
32

33-34

35-36

37

38



Commander

U. S. Naval Ordnance Test Station
ATITN: Technical Library Branch
China Lake, California

Commanding Officer
Office of Naval Research
1030 E. Green Street
Pasadena 1, California

Director

Special Projects Office
Department of the Navy
Washington 25, D. C.

Bureau of Naval Weapons
Department of the Navy
Washington 25, D. C.

Commander

Alr Force Flight Test Center

ATTN: FIRS

Edwards Air Force Base, California

Commander

Alr Proving Ground Center
ATTN: Technical Library
Eglin Air Force Base
Florida

Headquarters, Space Systems Division

Alr Force Systems Command
ATIN: TDC

P. O. Box 262, Air Force Unit Post Office

Los Angeles 45, California

Armed Services Technical Information Agency

Atlington Hall Station
Arlington 12, Virginia

Solid Propellant Information Agency
The Johns Hopkins University
Applied Physics Laboratory

8621 Georgia Avenue

Silver Spring, Maryland

39-41

42

43

45

46

47

48-57

58-60



Scientific and Technical Information Facility
ATTN: NASA Representative (5-AK/DL)

P. 0. Box 5700

Bethesda, Maryland

Thiokol Chemical Corporation
Redstone Division
Huntsville, Alabama

Rohm & Haas Company

Redstone Arsenal Research Division
ATIN: Librarian

Huntsville, Alabama

British Defense Staff

British Embassy

ATTN: Scientific Information Officer
3100 Massachusetts Avenue

Washington, D. C.

Defense Research Member

Canadian Joint Staff (W)

2450 Massachusetts Avenue
Washington 8, D. C.

61-67

68

69

70-73

74-77



TALAISSYVIONN
‘N ‘oy
‘W °N ‘»sr]
‘N M ‘Woqqy
sshpeuy
woggrsodwioo 331uly

-odures 3 jo gpo0 o ©
sung ayeondnp weemieq JwwoasSe ofesaae oyy ‘sumx jo o
ared ayeondnp ¥ jo soueunopsd ayy 10§ ‘oum Supiom sre g
Prym jo ‘pasmbas are sum posdeps jo smoy g noqy  ‘uoy  *
-sodwoo 1ayuy ayung pozed-uctoq w uoioq jo aSeuad
-2ad sy Jo uoneumyso ay 03 poydepe useq sey spunod I
-wo0 JueIoqoutSIo Jo JUSIUCO UCIOq OYY JO UOHEUIULID}

-9p 9@ 10} Cg-NL-Tdd @ paquossp popowr ayl (N)

wodoy poipssepun m
3I'S00¥9T'0ITY SO ON ¥oloyg &
soiqwa ‘'dd 11 ‘g96T A[n[ ‘IETT winpuelroup [LOTUYOSL  :

Y0y YO “ESYT W UOYEN ‘09qV W Py

NOILLISOdWNOO Y31
“INDI ALIKIZ NO JZVIO NOHOH 40 NOILLVWILST

Kassaf moaN ‘Iano( ‘[eussry Auuneorg m
av ‘ON UOISSa0y ¢

‘apdures ay jo 3300 ST :
sunz ajeodnp usomipq Juswerfe aferoae ayy csunx jo o o
ared syeoydup € jo soueuuopad oy oy ‘oun Suppiom ore g -
PRs Jo ‘permbar are sum posdeps jo smoy g moqy ‘uon  :

-sodwoo 3ayuBr ayunyg pozejd-uosoq ur uoioq jo afwusd

-»d o jo uoneumss o o} pedepe wooq seq spunod
-moo ouwioqoueSio jo JUSGUCO UCIOQ SR JO UOREUULI} |

-p 9@ 0] Sg-NL-THJ U pequosap poyow a4l ()

vodey pogssepun
BI'SO0V 9T 0ITY SINO OoN ¥oloig  ©

‘wiqn ‘dd 17 ‘56T Am[ I1€1T umpueiowely [wOUYSR],
IO YOI ‘PN "W UOIDN ‘BOqqV W Paoyond

NOILISOdNOD "3 L
“INDI ALIKId NO FZVID NOYOd 40 NOLLVHWILSE

Aasiaf maN ‘zeao(q ‘eussry Auuneory

qay ‘ON UOISSaOY .

QIIIISSYIONN

‘W ‘yiod
"W N ‘»sr]
‘W H ‘Roaqy
sisd[ety
uogisodwiod 1a31uly
opunry
Buzein
uosog

SIWHATINN
ayuny ‘II

‘W PR “Roqqy ‘T

uoy

:  -suusp( ~ volog 3
:  swAeue peormay) —

spepagewt uonmad] ‘1
QAIAISSVIONN

QALJISSV'IONN
‘W “Ppod
‘W °N BT
‘W °H “‘Noqqy
sisA[euy
uomisodwioo sayudy
ruary
Supzern
uosog
SIWMALINN
oqunyg ‘II
‘W pregery ‘Noqqv I
uopn

m “SUUIIR(] ~ Uolog ‘g

sd{eue peojwary) —
spepayew uonuly '

QIIJISSYIONN

ared apeonydnp e jo aousuuopad ayy Joj ‘sumy Sunpiom are g
Prym jo ‘parmbos are sumy pasdeps jo simoy g noqy  “uon

-isodwoo 1oyuSt sy pozeS-ucioq ur uoloq jo adeuad
-1ad oy jo uoneuryse ayy 0y paydepe waoq sey spumod D
-wod JueIoqoUESio JO JUIUCO UGIOQ NP JO UOHBUIULI} o

-9p 9 0§ SE-NL-THJ Ur Paquassp poyeur a4y (n)
yodoy payssepoun

‘sojqes ‘dd 17 ‘96T A[ ‘IEIT wmpueiowspy [EOUYIA]
Y104 uomW “r2s¥T W UDYION ‘NoqqV " Pioyory
NOILLISOdWOD HAL

“INDI FLINIZ NO FZVTD NOWOHE 40 NOLLVHILIST
Loszaf moN ‘Iaao(] ‘Teussry Auunediy

av "ON UOISSIOY

.....................................

.

PrYm jo ‘pammbo ore sum p

9P 9 J0§ S8-NL-THJA W PIquosap poew a4 (n)

“ZI'S00F9T'OTTF SINO ‘ON ¥oloig
'sopqey ‘dd 1T ‘2961 A ‘IEI1 wnpueioump [EORYAL

YI0y vOIN ‘78T "W uoWON ‘8099V "W POy

NOILISOdNOD H3L
“INDI ALINIZ NO 3ZVID NOYOE 4O NOILVHKILST

Aoszaf maN ‘mso(q ‘[eussty Auunesyy

‘pdures o Jo 300 B -
sunx ayeondnp usompq JuewasiSe afesae ayj, ‘suns jo .

"ZI'S00F'OT0TTF SWO oN Woloyg  ©

...............

-aidures aq1 jo 250°0 %
sunz ajeorydnp usomieq juswsorfe afwiae oyl suna jo I
ared ayeondnp ® jo souruuopiad o Joj ow Buppom are g 3
12 jo smoy g Jnoqy _ ‘uon
-isodwioo 1By ayunyg paze[d-uoioq ur uoloq jo advuad o
-1ad oy jo uwopeumse ay oy peydepe uaoq seq spunod
-wod ouvioqouedIc JO JUINUCO ucIoq Iy} JO UOHEUTULI]} o

podoy payrssepun .

.
4t 9 e e e 0B eP 00000000 es 800000 T0E0eLEtse SEI0F IO 0syIS . SIS0 CEPOSGININ® B LPAIIEOITES S EIIEAIEOTELNEIIP 12O P oB Y00 I0EORt IR ITIETS s st s e NEtse Tt ran



